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(57 ABSTRACT 
A parenteral delivery set is disclosed for administering 
a beneficial agent to a recipient. The set comprises (a) a 
primary container of a medical fluid; (b) a primary tub 
ing in fluid communication with the primary container; 
(c) a secondary container of a medical fluid; (d) a sec 
ondary tubing in fluid communication with the second 
ary container; (e) a formulation chamber connected to 
the secondary tubing and housing an agent dispensing 
device or the beneficial agent; and (f) a common tubing 
in communication with the primary tubing and the sec 
ondary tubing for communicating the set to the recipi 
ent. 

3 Claims, 13 Drawing Figures 
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1. 

PARENTERAL CONTROLLED THERAPY, USING 
A POROUS MATRX WTH PARENTERAL AGENT 

CROSS-REFERENCE TO COPENDING 5 
APPLICATIONS 

This application is a division of U.S. patent applica 
tion Ser. No. 06/542,466, filed Oct. 17, 1983, now U.S. 
Pat. No. 4,493,702, issued on Jan. 15, 1985, which is a 
continuation of U.S. patent application Ser. No. 
06/325,206 filed on Nov. 27, 1981, now U.S. Pat. No. 
4,432,756, issued on Feb. 21, 1984. These applications 
are assigned to ALZA Corporation of Palo Alto, Calif., 
and benefit is claimed of their filing dates. 

FIELD OF THE INVENTION 

This invention pertains to a parenteral delivery sys 
tem. The system comprises a primary path and a sec 
ondary path comprising a formulation chamber contain 
ing (1) an agent delivery device, or (2) a beneficial 
agent. The invention relates also to a method of admin 
istering parenterally an agent using the parenteral deliv 
ery system. 

BACKGROUND OF THE INVENTION 

The parenteral administration of sterile fluid is an 
established clinical practice, and the practice is used 
extensively as an integral part of the daily treatment of 
medical and surgical patients. The fluids administered 
parenterally, usually intravenously, include aqueous 
solutions of dextrose, solium chloride, and various other 
electrolytes. Always administered intravenously are 
blood and blood substitutes. Generally, the fluids are 
administered from a container that is suspended above a 
patient, with the fluid flowing from the container 
through an administration set and thence to a cannula or 
a hypodermic needle placed in a blood vessel, usually a 
vein of the patient. For intraperitoneal administration of 
fluids, the administration set is connected to a cannula 
traversing the abdominal wall of the patient. 
The administration of fluids parenterally is a valuable 

and important component of patient care. The use of 
parenteral fluids moreover has in recent years expanded 
beyond its original role of fluid and electrolyte replace 
ment to include serving as the vehicle for the parenteral 
administration of beneficial agents, notably for those 
where it is desirable to administer by infusion via the 
intravenous, intra-arterial, intrapertioneal or subcutane 
ous routes. For example, presently a beneficial agent, 
such as a drug, is administered intravenously by one of 50 
the following procedures: temporarily halting the flow 
of medical fluid and intravenously administering a solu 
tion of the drug to the patient through an injection port 
in the administration set, followed by resumption of 
medical fluid into the patient; a drug is added to the 55 
fluid in the container, or into a volume control chamber 
in series with the administration set, and then carried by 
the flow of fluid into the patient; a drug is introduced 
into a so-called "piggyback” container, which is subse 
quently connected via a connector, in tributary fashion, 60 
to the primary administration set through which fluid is 
administered to the patient; or a drug is administered by 
a pump which, by one of various recognized pumping 
actions, establishes flow and this determines the flow of 
fluid containing the drug into a flow path entering the 65 
patient, for example, an indwelling venous catheter. 
While these techniques are widely used, they have 

certain inherent disadvantages. For example, the admin 
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2 
istration of a drug through repeated injections into the 
administration set is inconvenient and represents each 
time a potential break in sterility; the use of pumps is 
expensive and sometimes inconvenient because of their 
size and weight; the rate of drug delivery to the patient 
is dependent on the flow of fluid with all currently 
practiced means of drug infusion; because of the relative 
chemical instability of aqueous solutions of many paren 
teral drugs, these procedures often require solubiliza 
tion of the drug medication by the hospital pharmacist 
or by the nurse at a time proximate to its administration; 
and, while it is current practice to give some drugs by 
brief infusions, typically of 30 to 120 minutes duration 
repeated 3 or 4 times a day, they do not provide a means 
for (a) careful coordination of the procedures for solubi 
lization and administration, (b) careful regulation of the 
flow of drug solution during each period of infusion to 
insure that infusion is completed within the recom 
mended time, and (c) for doses prepared in advance and 
administered at a preselected time. 

In view of this presentation, it is immediately appar 
ent a critical need exists for a dependable and practica 
ble parenteral therapeutic delivery system that over 
comes the disadvantages associated with the systems 
known to the prior art. It is also apparent that a pressing 
need exists for a parenteral delivery system that can be 
used clinically for administering parenterally a benefi 
cial agent at a controlled rate and in a beneficially effec 
tive amount to a patient according to a preselected 
program comprising continuous administration, re 
peated administration, administration at specified inter 
vals, or as needed administration. 

DISCLOSURE OF THE INVENTION 
Accordingly, a principle object of this invention is to 

provide both a novel and useful parenteral delivery 
system for administering a fluid and a beneficial agent at 
a controlled rate and according to a chosen regimen of 
administration and in an improved manner for optimiz 
ing the care of a warm-blooded animal whose prognosis 
benefits from parenteral administration. 
Another object of the invention is to provide a paren 

teral delivery system comprising (1) a primary fluid 
path, and (2) a secondary fluid path comprising a formu 
lation chamber containing (a) an agent delivery device 
for delivering an agent into a medical fluid that flows 
into the chamber, or (b) a beneficial agent, which agent 
in either instance forms in situ an agent solution for 
administration to an animal, including a human patient. 
Another object of this invention is to provide a deliv 

ery system comprising (1) a primary fluid path and (2) a 
secondary fluid path having a formulation chamber, and 
which system can be used for improved health care by 
making available to the practitioner (a) a mechanism for 
administering a fluid via the primary path, (b) a mecha 
nism for administering a fluid containing a beneficial 
agent via the secondary path, and (c) a mechanism for 
controlling the volume and the concentration of agent 
administered by adjusting the rate of flow through the 
primary path and by adjusting concomitantly the rate of 
flow through the secondary path prior to their mixing 
into a single fluid for its subsequent administration. 
Another object of this invention is to provide a paren 

teral delivery system that comprises a means for auto 
matically constituting an agent formulation in situ by 
dissolving a given amount of agent in a given volume of 
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fluid that can be administered at any selected time, 
including intermittent intravenous therapy. 
Another object of this invention is to provide a paren 

teral delivery system that makes attainable a program of 
agent administration adapted to a specific need by fur 
nishing an agent formulation comprising a known vol 
ume of fluid containing from a trace to a saturating 
amount of a beneficial agent that can be administered at 
any chosen time. 
Another object of this invention is to provide a paren 

teral delivery system that makes possible a means for 
converting a continuously functioning process of agent 
formulation and release into a method of agent adminis 
tration that occurs at predetermined periods according 
to a specified rate and duration of agent administration. 
Another object of this invention is to provide a paren 

teral delivery system that makes available a regimen of 
agent administration comprising intervals of agent ad 
ministration at a specified rate and for a specified dura 
tion, alternating with intervals during which no agent is 
delivered by the system. 
This invention concerns a parenteral delivery system 

for the administration of a medical fluid containing a 
beneficial agent to an animal, including a human patient. 
The system comprises: (1) a primary fluid path consist 
ing of a container of medical fluid and a primary tube 
that communicates from the container to a common 
tube that leads to an infusion site in the animal; (2) a 
secondary fluid path consisting of a minicontainer of a 
medical fluid in fluid communication with an agent 
formulation chamber. The formulation chamber com 
prises: (a) a wall surrounding a lumen and has a surface 
that permits communication with the secondary path to 
let a fluid flow from the container into the formulation 
chamber; (b) a delivery device containing a beneficial 
agent that is released into the formulation chamber, or a 
beneficial agent in the formulation chamber, which 
agent in either instance forms an agent formulation with 
fluid that enters the formulation chamber; and (c) an 
outlet surface that lets agent formulation leave the for 
mulation chamber and enter the secondary path and 
then into the common path for administration to the 
patient. The system additionally comprises a mechanism 
that can optionally be used for converting a continu 
ously functioning process of agent formulation and 
releasing into (d) the common flow path so that agent 
administration into the patient occurs during quantita 
tively predetermined intervals according to a specified 
rate and duration of agent infusion, or (e) from the 
formulation chamber into a regimen of agent adminis 
tration to the patient characterized by intervals of agent 
infusion at a specified rate and specified duration alter 
nating with intervals during which no agent reaches the 
infusion site in the patient. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, which are not drawn to scale but are 
set forth to illustrate various embodiments of the inven 
tion, the Figures are as follows: 
FIG. 1 is a perspective view of a parenteral delivery 

system provided by the invention; 
FIG. 2 is a view illustrating another embodiment of 

the parenteral delivery system; 
FIG. 3 is a view of yet another embodiment of the 

parenteral delivery system; 
FIG. 4 is a view of an agent formulation chamber 

adapted for use in the parenteral delivery system, with 
the chamber housing an osmotic agent delivery device; 
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4. 
FIG. 5 is a view of an agent delivery device compris 

ing a release rate controlling membrane surrounding a 
reservoir containing a beneficial agent which device is 
adapted for use in an agent formulation chamber; 
FIG. 6 is a view of a delivery device comprising a 

release rate controlling membrane surrounding a differ 
ent reservoir containing a beneficial agent which device 
is designed for use in an agent formulation chamber; 
FIG. 7 is a view of an agent delivery device compris 

ing a microporous membrane surrounding a reservoir 
containing a beneficial agent which device can be used 
for the purpose of the invention in the formulation 
chamber; 

FIG. 8 is a view of a delivery device comprising a 
matrix containing a beneficial agent which device can 
be used in the formulation chamber; 
FIG. 9 is a view of a delivery device comprising a 

microporous matrix containing an agent which device 
can be used in the formulation chamber for carrying out 
the invention; 
FIG. 10 is a view of a delivery device comprising 

depots of agent which device can be used in the formu 
lation chamber; 
FIG. 11 is a view of a delivery device comprising a 

housing and a driving member surrounding a flexible 
container that can be used in a formulation chamber; 

FIG. 12 is an opened view of a formulation chamber 
comprising a beneficial agent and a release rate control 
ling membrane; and, 
FIG. 13 is an opened view of an agent formulation 

chamber comprising a beneficial agent, a release rate 
controlling membrane and a filter. 

In the specification and the drawings, like parts in 
related Figures are identified by like numbers. The 
terms appearing earlier in the specification and in the 
description of the drawings are described hereafter in 
the disclosure. 

MODES FOR CARRYING OUT THE 
INVENTION 

FIG. 1 represents a parenteral delivery system pro 
vided by the invention and designated by the numeral 
10. System 10 comprises a primary container 11 formed 
of a flexible, or a semi-rigid preferably transparent plas 
tic, such as a non-toxic polyolefin, polyvinyl chloride or 
the like. Primary container 11 is a large volume paren 
teral, LVP, container and it contains a medical fluid 2 
adapted for parenteral, intravenous or other therapy. 
Medical liquid 12 in container 11 will be typically a 
sterile solution, such as an aqueous solution of dextrose, 
electrolytes, or saline. Container 11, in the embodiment 
illustrated, is non-vented, the medical fluid is at atmo 
spheric pressure, and the container collapses as it emp 
ties of medical fluid 12. Container 11 usually is adapted 
to be hung neck-down from a hanger 13 by a bib or hole 
14 that connects, or is integrally formed as part of con 
tainer 11, Container 11, at its end distant from its hang 
ing end, that is, at its neck end, has an administration 
port adapted for receiving a primary fluid path. 
The primary path is used to deliver medical fluid 12 

by parenteral therapeutic system 10 to a patient. The 
primary path is sterile, pyrogen-free, and disposable. 
The primary path comprises the components described 
hereinafter, and it connects with port 15 of container 11. 
Port 15 can be a diaphram in container 11, now shown, 
or port 15 can be an adapter for receiving a hollow 
connector 16. Connector 16 is made to receive end 17 of 
drip chamber 18. Drip chamber 18 is used to trap air and 
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it also permits, in cooperation with regulator clamp 19, 
adjustment of the rate of flow of medical fluid 12 from 
container 11 as the flow proceeds dropwise. An outlet 
20 of drip chamber 18 is connected to one end of a 
primary tube 21 that passes through regulator clamp 19 
for pinching its internal diameter to regulate flow in 
cooperation with drip sight chamber 18. The other end 
of primary tube 21 connects to a valve 22, beyond 
which common tube 23 connects from valve 22 to an 
adapter needle assembly 24 that is inserted, for example, 
into the vein of a warm-blooded animal. 
System 11 further comprises a secondary fluid path, 

which secondary path consists of a secondary container 
26 or minibag formed of a flexible, or a semi-rigid pref 
erably transparent plastic, such as a non-toxic polyole 
fin, polyvinyl chloride or the like. Secondary container 
26 is a small volume parenteral, SVP, container and it 
contains a medical fluid 27 adapted for parenteral, intra 
venous or other therapy. Medical fluid 27 is a pharma 
ceutical vehicle for parenteral administration, that is, it 
is a pharmaceutical carrier for a drug that is to be ad 
ministered to a recipient. Container 26, in the embodi 
ment illustrated, is non-vented, medical fluid 27 is at 
atmospheric pressure, and the container collapses as it 
empties of medical fluid 27. Container 26 is adapted to 
be hung neck-down from a hanger 13 by abib or hole 28 
that connects, or is integrally formed as a part of con 
tainer 26. Container 26, at its end distant from its hang 
ing end, that is, at its neck end, has an administration 
port adapted for receiving a secondary fluid path. 
The secondary fluid path provided by the invention is 

used to deliver medical fluid 27 to which a drug is 
added to a patient. The secondary path is sterile, pyro 
gen-free and disposable. The secondary path comprises 
the components describer hereinafter, and it connects 
with port 29 of container 26. Port 29 can be a diaphram 
in container 26, not shown, or port 29 can be an adapter 
for receiving a hollow connector 30. Connector 30 is 
made to receive end 31 of drip chamber 32. Drip cham 
ber 32 is used to trap air and it also permits, in coopera 
tion with regulator clamp 33, adjustment of the rate of 
flow of medical fluid 27 from container 26 as the flow 
proceeds dropwise. An outlet 34 of drip chamber 32 is 
connected to one end of a segment of secondary tube 35 
passing through regulator clamp 33 for pinching its 
internal diameter to regulate flow in cooperation with 
sight drip chamber 32. The other end of secondary tube 
35 connects to an agent formulation chamber 36. Regu 
lator clamp 33 is used for governing the flow of fluid 
into an agent formulation chamber 36. Formulation 
chamber 36 is made of glass or plastic, and it is prefera 
bly transparent. Formulation chamber 36 can have any 
shape adapted for use in a parenteral therapeutic sys 
tem, and it is preferably round and its length exceeds its 
width. The end of secondary tube 35 mates snugly with 
end cap 37 of chamber 36. The end of the secondary 
tube can fit into cap 37 or it can slide over a tube receiv 
ing member of cap 37 to form an air-tight, leak-proof 
chamber for containing at least one beneficial agent, or 
a delivery device. Chamber 36 optionally is equipped 
with a release rate controlling membrane, not shown in 
FIG. 1, for example a microporous membrane or the 
like, that governs the rate of release of agent solution 
from chamber 36. A release rate controlling membrane 
can rest on a sintered glass support integrally made into 
the chamber, optionally a membrane can be sealed ad 
hesively to the inside wall of chamber 36, fused thereto, 
be supported by the wall of the chamber pinched in 
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6 
wardly, rest on a rim in the chamber, or it can be sup 
ported or suitably fixed to end cap 38 positioned in 
chamber 36. A segment of secondary tube 39 conveys 
agent solution from chamber 36 to valve 22. A regulator 
clamp 40 is provided on tube 39 as an aid in governing 
the flow of agent solution from the formulation cham 
ber. Regulator clamps 40 can be used alone, in coopera 
tion with clamp 33, in cooperation with valve 22, and 
both in cooperation with valve 22 for governing fluid 
flow and agent solution flow through the secondary 
path. Valve 22, in a presently preferred embodiment, is 
a two position valve. Agent solution is conveyed from 
valve 22 through common tube 23 to needle assembly 
24 for administration to a recipient. 

In operation, valve 22 in one position permits the 
passage of a drug solution from chamber 36 to flow into 
common tube 23, while concomitantly stopping flow 
via tube 21; in its alternate second position, valve 22 
stops flow of fluid in tubes 35 and 39, but it allows flow 
in tube 21. When valve 22 is in its first position, the flow 
of medical fluid reaches the patient at a rate determined 
by the setting of regulating clamp 33 with clamp 40 
opened to flow; when valve 22 is in its second position, 
the flow of medical fluid reaches the patient at a rate. 
determined by the setting of flow regulating clamp 19. 
During the intervals of time valve 22 is in its second 
position, drug formulation proceeds in the presence of 
fluid in chamber 36 and its release continues from for 
mulation chamber 36 into tube 39, but it cannot reach 
the patient, and so it accumulates in chamber 36 and 
tube 39. When valve 22 is switched to its first position, 
accumulated drug formulation solution in chamber 36 
and tube 39 enters the patient, the quantity of which is 
governed by the following pharmacodynamic expres 

wherein ti equals the time valve 22 is switched from 
position 1 to position 2; t equals the time valve 22 is 
switched from position 2 to position 1; tL equals the time 
valve 22 can be switched from position 1 back to posi 
tion 2; and R1(t) equals the rate at which formulation 
chamber 36 prepares and releases drug in solution; R2(t) 
is the rate at which the formulation chamber prepares 
drug solution during free flow of intravenous fluid. The 
rate at which agent reaches a patient when valve 22 is 
switched to position 1, is related to the flow regulation 
imposed by clamp 33 which preferably should be ad 
justed to allow flow to occur at a rate which insures that 
all accumulated agent enters the patient. While the 
above system and its operation were described with a 
representative manually operated valve, it is to be un 
derstood other valve systems are embraced by this in 
vention. For example, electro-mechanical devices that 
automatically switch back and forth between positions 
1 and 2 at preset time intervals are within the scope of 
this invention. 
FIG. 2 illustrates another intravenous system 10 pro 

vided by the invention. System 10 comprises a primary 
path having in combination a container 41 that is a 
reservoir of a pharmaceutically acceptable liquid and it 
has an internal venting tube 42 which allows air to enter 
container 41 as medical fluid is infused into a patient. 
Container 41 is a large volume parenteral of a sterile 
fluid intended for the modification and maintainment of 
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physiological functions in a recipient. Container 41 is 
closed with a stopper, not shown, and it has a hole for 
venting tube 42. Container 41 is connected through a 
non-vented hollow spike adaptor 43 to a primary deliv 
ery path for sending medical fluid from container 41 
through the path to a patient. Spike 43 is in fluid com 
munication with a drip chamber 44, which as previously 
described, is made preferably of a see through material, 
such as a glass or plastic for visibly counting the number 
of drops that pass through said drip chamber over unit 
time. Medical fluid leaves drip chamber 44 through a 
section of a primary tube 45 that passes through a flow 
regulator clamp 46, that is used for regulating fluid flow 
from container 41, and for conveying fluid through tube 
45 to two-way valve 49, and hence from valve 49 
through fluid communicating common tube 47 and 
needle assembly 48 to a recipient. 
System 10 of FIG. 2 also comprises a secondary path 

consisting of container 50 that is a means for storing a 
pharmaceutically acceptable liquid. Container 50 has an 
internal venting tube 51 for letting air enter container 50 
as liquid leaves the container. Container 50 is a minicon 
tainer or a minibottle and it holds about 100 to 250 
milliliters of liquid that is used for continuous drug 
transport, or for intermittent drug transport to a recipi 
ent. Container 50 is closed with a stopper, not shown, 
and it has a hole for venting tube 51. Container 50 is 
connected through a non-vented hollow spike adaptor 
52 to a secondary delivery system for sending medical 
liquid from container 50 containing a drug through the 
secondary path to a patient. Spike 52 is in fluid commu 
nication with a drip chamber 53 designed for counting 
the number of drops that pass through said drip cham 
ber over time. Medical fluid leaves drip chamber 53 
through a section of secondary tube 54 that passes 
through a flow regulator valve 57 that is used for regu 
lating liquid flow from container 51. Secondary tube 54 
passes through clamp 57 and it can be used as an on-off, 
or a volume flow regulator for admitting fluid into an 
agent formulation chamber 58. Agent formulation 
chamber 58 is as described earlier comprised of a wall 
formed of a fluid impermeable material that surrounds 
an internal space for housing a dosage unit amount of a 
beneficial agent, or a delivery device. Chamber 58 has a 
known volume and preferably a volumetric scale 
thereon for indicating the volume of fluid in said cham 
ber. Chamber 58 has an end 59 adapted for receiving 
incoming tube 54 and fluid from container 50, and it has 
an end 60 adapted for receiving outgoing tube 61. Tube 
61 conveys fluid carrying the beneficial agent from 
chamber 58 to valve 49, and thence through fluid com 
municating common tube 47 to needle assembly 48, and 
to the recipient. 

In operation, parenteral delivery system 10 of FIG. 2 
is used like parenteral delivery system 10 of FIG. 1. 
That is, system 10 of FIG. 2 can be used (1) for adminis 
tering a medical fluid that is free of agent by closing 
regulator 57, opening regulator 46 and positioning 
valve 49 to let fluid flow from tube 45 and into tube 47; 
(2) for administering continuously a medical fluid con 
taining a beneficial agent by closing regulator 46, open 
ing regulator 57 to permit fluid to flow through formu 
lation chamber 58 wherein the agent is added to the 
fluid, and positioning valve 49 to let fluid flow through 
tube 61 and into tube 47; and (3) for administering at a 
selected dosing time a given volume of fluid containing 
a known amount of agent by (a) permitting fluid to flow 
through the secondary path while setting valve 49 in 
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8 
closed position for the secondary path, (b) permitting a 
known volume of fluid to enter the formulation cham 
ber, which volume is ascertained by reading the menis 
cus against the volumetric scale on the chamber, and 
closing regulator clamp 57 to stop the flow of additional 
fluid into the formulation chamber, (c) formulating the 
agent formulation in the chamber by dissolving a given 
amount of agent present in the chamber, or delivered by 
a device therein, in the known volume of fluid, which 
amount of agent solubility in the fluid dissolved over 
time, and (d) dosing a recipient with the agent solution 
whenever desired by positioning valve 49 to let it flow 
from the formulation chamber. 
FIG. 3 represents a parenteral delivery system pro 

vided by the invention and designated by the numeral 
10. System 10 of FIG. 3 illustrates a vented-type system 
that requires air to operate. System 10 comprises a glass 
container 65, suitably sealed with a rubber stopper and 
it contains a medical fluid acceptable for parenteral 
including intravenous administration. Container 65 is 
supported in delivery position by support 66, and air 
enters container 65 via air filter 67 connected to con 
tainer 65 through spike 68 that is hollow and pierces the 
rubber closure of container 65. The other point of spike 
68, not seen, enters a drip chamber 69 and it conveys 
medical fluid from container 65 into drip chamber 69. 
Drip chamber 69 is connected to a primary fluid path 70 
formed of a medical grade tubing that conveys medical 
fluid to needle 71. A roller valve clamp 72 is provided 
on fluid path 70 for restricting the internal diameter of 
primary path 70 for regulating the flow of fluid through 
primary path 70. System 10 of FIG. 3 also comprises a 
secondary fluid path 73 that joins a common path 75 at 
branch coupler 74. Branch coupler 74 can be made as a 
Y-type connecting tube for receiving primary path 70, 
secondary path 73 and common path 75. 
The secondary path comprises a container 76 that is a 

minicontainer or a minibottle formed of glass, and suit 
ably sealed with a rubber stopper, not visible, and it 
contains a medical fluid acceptable for parenteral in 
cluding intravenous administration. Container 76 is 
supported in delivery position by support 66, and air 
enters container 76 through a filter 77 connected to 
container 76 through spike 78, which spike is hollow 
and pierces the rubber closure of container 76. The 
other point of spike 78, not seen, enters a drip chamber 
79 and it conveys medical fluid from container 76 into 
drip chamber 79. Drip chamber 79 is connected to a 
secondary fluid path 73 formed of a medical grade tub 
ing that conveys medical fluid transporting a beneficial 
agent to needle 71. A roller valve clamp 80 is provided 
on secondary fluid path 73 for restricting the internal 
diameter of secondary path 73 for regulating the flow of 
fluid through the secondary path into agent formulation 
chamber 81. Agent formulation chamber 81 is sized and 
adapted for use in parenteral delivery system 10. Agent 
formulation chamber 81 is self-contained, self-priming, 
self-powered and amenable to low cost manufacture. 
Formulation chamber 81 is lightweight and disposable 
and it comprises a wall 82 that surrounds and defines an 
internal lumen or space 83. Formulation chamber 81 has 
an inlet 84 for receiving secondary path 73 and it has an 
outlet 85 also adapted for placing chamber 81 in second 
ary path 73. Chamber 81 is made of glass, plastic or the 
like, and as illustrated it is made of a transparent mate 
rial for viewing its structure. Chamber 81 can house a 
beneficial agent or an agent delivery device. An agent 
formulation formed in chamber 81 leaves chamber 81 
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through secondary path 73, couple 74 and into common 
path 75 for infusion into a recipient. 
The agent in formulation chamber 81 can be in any 

pharmaceutical state that forms an agent formulation 
with a medical fluid that enters chamber 81, and the use 
of chamber 81 with an agent therein does not require 
any reconstitution, or admixture prior to use. An agent 
formulation formed in chamber 81 leaves the chamber 
through secondary path 73 and it enters common path 
75 for administration to an animal, including a human 
patient, through needle 71. Exemplary pharmaceuti 
cally acceptable forms that can be used in chamber 81 
include solid, crystalline, microcrystalline, particle, 
pellet, granules, powder, tablet, spray-dried, lypohil 
ized, forms that dissolve or undergo disintegration and 
dissolution in the presence of a parenteral fluid includ 
ing intravenous fluids, compressed forms that undergo 
disintegration and dissolution in the presence of a fluid 
such as compressed, compressed powders, compressed 
granules, friable layers of agent, and/or the like. Agent 
formulation chamber 81 generally will store an amount 
of agent for executing a prescribed therapeutic or bene 
ficial program. That is, an amount of agent for the pre 
programmed, delivery of a therapeutically or a benefi 
cially effective amount of the agent to produce a thera 
peutic or a beneficial result. Agentformulation chamber 
81 generally will have a capacity of from about 10 milli 
liters to 250 milliliters of fluid or more, and it can house 
from 5 milligrams to 20 grams of agent or more. The 
expression beneficial agent, as used herein, generically 
denotes any substance that produces a therapeutic or a 
beneficial result, such as a drug, a carbohydrate, an 
electrolyte and/or the like. The term fluid or liquid 
denotes a fluid, or a liquid that can be administered 
parenterally including intravenously, comprising phar 
maceutically acceptable fluids that are also a pharma 
ceutically acceptable carrier for an agent, such as water, 
isotonic saline, Ringer's lactate, and the like. The term 
formulation, and agent formulation as presently used 
herein, generically indicates the beneficial agent is for 
mulated, mixed, added, dissolved, suspended, solubi 
lized, formulated into a solution, carried and/or the like 
in or by the fluid in a physical-chemical form acceptable 
for parenteral including intravenous administration. 
The flow of medical fluid into formulation chamber 81 
can be started, stopped or regulated by clamp 80 that 
permits tube 73 to remain opened, shut or partially 
obstructs the passage of fluid through tube 73, and cor 
respondingly the flow of agent solution likewise can be 
governed from chamber 81. 
The delivery device housed in formulation chamber 

81 releases an agent at a rate controlled by the device. 
The agent, on its release, is formulated in the chamber 
with fluid that is a pharmaceutically acceptable carrier 
for the agent into a parenteral including intravenous 
administrable agent formulation, such as a drug solu 
tion. Devices that can be used for this purpose are those 
that release an agent by dissolution, diffusion or osmotic 
mechanism, or by other physical-chemical mechanism 
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that produces an agent formulation. The amount of 60 
agent in a formulation made in chamber 81 can be a 
trace amount to a saturating amount. The delivery de 
vices, in one presently preferred embodiment are de 
vices that cease releasing agent or shut themselves offin 
the presence of a saturated agent formulation, that is a 
saturated solution. 

In operation, parenteral delivery system 10 as illus 
trated in FIG. 3 can be used by a physician, a nurse, or 
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a practitioner in a hospital setting as follows: (1) for 
administering a medical fluid by adjusting regulator 
valve 80 to prevent the flow of fluid into formulation 
chamber 81, thus assuring that fluid will flow through 
primary path 70 and into skin piercing means 71; (2) for 
administering a medical fluid containing a beneficial 
agent by adjusting regulator valve 72 to prevent the 
flow of fluid through primary path 70, thereby directing 
the flow of fluid from secondary path 73 through 
opened valve 80 and into formulation chamber 81, with 
agent formulation leaving chamber 81 through tube 73, 
union 74, tube 75 and into skin piercing means 71; and 
(3) for administering an amount of agent in a known 
volume of fluid arrived at by regulating fluid flow 
through valve 72 and regulating fluid flow through 
valve 80 and its accompanying flow through chamber 
81, which fluid in both instances mixes into a common 
fluid at coupling 74 for its subsequent administration to 
a recipient. The operations provided by this embodi 
ment of the invention makes available continuous and 
interrupted agent administration, and intervals of agent 
free fluid administration. 
The performance of a parenteral delivery system used 

for the purpose of the invention, also can be described 
mathematically in terms of the physical and chemical 
functionality of the parenteral system. Generally, par 
enteral systems encompassed by this invention are those 
for which QRS 0.1QKVO, wherein QKvo is the flow of 
fluid required to maintain flow into the veins of an 
animal in which the flow path terminates, by needle or 
catheter. This flow is referred to as the "keep vein 
open', rate QKVO, and it typically is for an adult patient 
about 10-20 drops perminute, or 0.5-1.0 ml per minute. 
The symbol QR is the maximum rate of fluid flow 
needed for the parenteral delivery system to deliver a 
solution at its label rate. Thus, parenteral systems for 
adult use require less than 0.05-0.1 ml/min to achieve 
label delivery rate, and show independence of delivery 
rate from flow at all higher flows are encompassed by 
this invention. Delivery systems for pediatric use will 
have a lower absolute limit, but still satisfy the general 
criterion QRS 0.1QKvo. 
FIG. 4 depicts a formulation chamber 86 housing a 

delivery device that can be used in the secondary path 
of the parenteral delivery system of FIGS. 1 to 3. The 
formulation chambers described in this specification are 
the invention disclosed and claimed by Felix Theeuwes 
in copending patent applications Ser. No. 310,047, filed 
on Oct. 9, 1981, issued as U.S. Pat. No. 4,511,353, on 
Apr. 16, 1985, and Ser. No. 312,491, filed on Oct. 19, 
1981. Both of these applications are assigned to the 
ALZA Corporation of Palo Alto, Calif., the assignee of 
this patent application. 
FIG. 4 depicts formulation chamber 86, housing a 

delivery device. The Figure is enlarged for illustrating 
its components. Turning to FIG. 4 in detail, chamber 86 
is seen comprising a wall 87 that has a section removed 
for viewing its internal space 88. Chamber 86 has an 
inlet 89 adapted and sized for placing chamber 86 into 
the secondary path of a parenteral therapy system, and 
it has an outlet 90 also adapted and sized for placing 
chamber 86 in the system. Inlet 89 and outlet 90 can be 
optionally a female for receiving a tube, not shown, a 
rubber closure that can be pierced by a needle attached 
to an incoming and outgoing tube, or any other suitable 
means adapted for placing chamber 86 in a parenteral 
system. In chamber 86 of FIG. 4, the chamber is seen 
comprising a pair of caps that constitute inlet 89 and 



4,583,981 
11 

outlet 90. The caps fit into the chamber and they are 
made of self-sealing rubber through which a needle or a 
hollow spike can be inserted, or of rubber with a pre 
drilled hole covered by a latex disc through which the 
secondary path can be inserted for establishing fluid 
communication with the inside 88 of chamber 86. The 
delivery device 91 illustrated in FIG. 4 is an osmotic 
rate-controlled solid dosage delivery form as described 
by patentee Felix Theeuwes and Takeru Higuchi in 
U.S. Pat. No. 3,845,770. The osmotic device 91 seen in 
opened section comprises a semipermeable wall 92, 
such as cellulose acylate, cellulose diacylate, cellulose 
triacylate, cellulose acetate, cellulose diacetate, cellu 
lose triacetate, that surrounds and forms an agent or 
drug compartment 93. Compartment 93 contains an 
agent formulation 94, represented by dots, which for 
mulation exhibits an osmotic pressure gradient across 
wall 92 of device 91 against fluid in chamber 86. The 
agent formulation can comprise an agent that exhibits 
an osmotic pressure gradient, or the agent formulation 
can comprise an agent mixed with an osmotically effec 
tive solute, such as sodium chloride, potassium chloride 
and the like, that exhibit an osmotic pressure gradient 
substantially greater than the fluid in chamber 86. A 
passageway 95 extends through semipermeable wall 92 
and communicates with compartment 93 and the exte 
rior of device 91. In operation, fluid enters into chamber 
86 and is imbibed through the semipermeable wall of 
device 92 into compartment 93 in a tendency towards 
osmotic equilibrium at a rate determined by the permea 
bility of the wall and the osmotic pressure gradient 
across the wall, thereby producing a solution in com 
partment 93 that is dispensed through passageway 95 at 
a time controlled by device 9 over a prolonged period 
of time. The delivery of agent formulation from device 
91 for homogenously blending with fluid in chamber 86, 
is controlled in this embodiment by device 91 and it is 
essentially independent of the rate of fluid flow through 
chamber 86. Device 91 maintains its physical and chem 
ical integrity throughout its releasing history. In FIG. 4, 
the opened-section designated by the numbers 5-11, 
illustrates delivery devices that can be used for the 
present purpose in the formulation chamber. A descrip 
tion of the devices follows in FIG. 5 to FIG. 11 hereaf 
ter. 
FIG. 5 depicts another device 96 for delivering an 

agent into a parenteral delivery system including an 
intravenously acceptable fluid that enters a formulation 
chamber. Device 96 is illustrated in opened-section and 
it comprises an inner mass transfer conductor 97, illus 
trated as a solid core and formed of a polymeric mate 
rial such as cured polydimethylsiloxane, with agent 98 
dispersed therethrough. Surrounding mass transfer con 
ductor 97 is a release rate controlling membrane 99, 
preferably formed of a polymeric material, such as pol 
yurethene. Both conductor 97 and membrane 99 are 
permeable to the passage of agent 98 by diffusion, that 
is, agent can dissolve in and diffuse through conductor 
97 and membrane 99. However, the permeability of 
conductor 97 is greater than that of membrane 99, and 
membrane 99 thus acts as the rate controlling member 
for agent release from device 96. Device 96 maintains its 
physical and chemical integrity throughout the period 
of drug delivery. Delivery device 96 is disclosed in U.S. 
Pat. No. 3,845,480. . 
FIG. 6 illustrates a delivery device 100 designed for 

use in a formulation chamber for delivering an agent at 
a rate controlled by device 100 into a fluid that enters 
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the chamber. Device 100 is seen in opened-section and 
it comprises a reservoir 101 formed of a liquid mass 
transfer conductor, such as a medical oil carrier, perme 
able to the passage of agent 102, such as the drug pheno 
barbital. Reservoir 101 is surrounded by a wall 103 
formed of a release rate controlling material permeable 
to the passage of agent 102, such as a polyolefin. The 
rate of passage of agent 102 is lower through membrane 
103 than the rate of passage through conductor 101, so 
that agent released by wall 103 is the agent release rate 
controlling step for releasing agent 102 from device 100. 
Device 100 maintains its physical and chemical integrity 
throughout its release history. Delivery device 100 is 
disclosed in U.S. Pat. No. 3,993,073, which patent is 
incorporated herein by reference. 
FIG. 7 illustrates another device 104 for use in a 

formulation chamber for deliverying an agent into a 
liquid that enters a formulation chamber for forming a 
parenteral agent solution including an intravenously 
acceptable agent solution. Device 104 is seen in opened 
section and it comprises a wall 105 surrounding a reser 
voir 106 containing agent 107. The reservoir is formed 
of a solid carrier permeable to the passage of agent, such 
as cured polydimethylsiloxane containing diazepam. 
Wall 105 is formed of a microporous material, for exam 
ple a microporous polymer made by coprecipitation of 
a polycation and a polyanion. The release of agent 107 
is controlled by device 104, which device 104 maintains 
its physical and chemical integrity during the period of 
time it is in a formulation chamber. Device 104 is dis 
closed in U.S. Pat. No. 3,993,072, which patent is incor 
porated herein by reference. 
FIG. 8 is a view of a device 108 for delivering an 

agent into a medical fluid that enters the formulation 
chamber for forming in situ a parenteral or an intrave 
nously acceptable agent formulation solution. Device 
108 comprises a matrix 109 containing agent 110 distrib 
uted therein. Matrix 109 is formed from a polymeric 
material that is non-erodible and it is permeable to the 
passage of agent by diffusion for releasing agent over 
time, or it undergoes relaxation and releases agent 110 
over time. The matrix can possess any shape such as 
rod, disc and the like that fits into a formulation cham 
ber. The polymers include polyolefins such as polyeth 
ylene containing an agent such as muscle relaxants and 
the like. Materials useful for manufacturing the devices 
are disclosed in U.S. Pat. No. 3,921,636. 
FIG. 9 is a view of a delivery device 111 for deliver 

ing a beneficial agent into a fluid that enters the formu 
lation chamber. Device 111 is formed of a microporous 
polymeric matrix 112 containing agent 113 distributed 
therethrough. Matrix 112 is formed of a non-toxic, inert 
polymer, that is non-erodible and has a plurality of 
micropores for releasing agent 113 at a controlled rate 
to fluid entering the formulation chamber. Microporous 
materials useful for the present purpose are disclosed in 
U.S. Pat. Nos. 3,797,494 and 3,948,254. 
FIG. 10 illustrates a delivery device 114 for deliver 

ing a beneficial agent into a medical fluid that enters a 
formulation chamber. Device 114 is seen in opened 
section and it comprises depots 115 of medication solute 
115 dispersed in and surrounded substantially individu 
ally by a polymer wall 116 that is impermeable to the 
passage of medication solute and permeable to the pas 
sage of fluid that enters the formulation chamber. Medi 
cation solute 115 released at a controlled rate by fluid 
being imbibed through the polymer into the depots 115 
to dissolve the solute in depot 115 and generate a hydro 
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static pressure in the depots, which pressure is applied 
against the wall of the depot thereby forming apertures 
that release the medication at a controlled rate over 
time. Polymer 116 is non-erodible, and device 114 can 
be shaped as a matrix, rod, a disc, or like shapes. Proce 
dures and materials useful for manufacturing the deliv 
ery system of FIG. 10 are described in U.S. Pat. No. 
4,177,256. 
FIG. 11 illustrates a device 117 useful for delivering 

a drug into a medically acceptable fluid passing through 
formulation chamber. Device 117 is seen in opened 
view and it comprises an exterior wall 118 formed of a 
semipermeable polymer permeable to fluid and substan 
tially impermeable to the passage of drugs and solutes. 
A layer 119 of an osmotically effective solute, for exam 
ple sodium chloride, is deposited on the inner surface of 
wall 118. Solute layer surrounds an inner container 120 
formed of a flexible material that is impermeable to 
solute and drug. Container 120 has a passageway 121 
for delivering a drug 122 into a fluid present in the 
formulation chamber. Device 117 dispenses drug by 
fluid permeating from the chamber through wall 118 to 
continuously dissolve drug solute 122 in a tendency 
towards osmotic equilibrium, thereby continuously in 
creasing the volume between wall 118 and container 
120. This increase causes container 120 to continuously 
collapse and dispense drug 122 from device 117 at a 
controlled rate through passageway 121 to fluid passing 
through the formulation chamber. Osmotically pow 
ered agent dispensing devices are disclosed in U.S. Pat. 
Nos. 3,760,984 and 3,995,631. 
The delivery devices described in FIGS. 4 through 

11 can contain various amounts of an agent, for exam 
ple, from about 1 milligram to 20 grams, or more. The 
devices can release an agent at a rate of 10 nanograms 
per hour up to 3 grams per hour, or more, into a formu 
lation chamber for forming an agent solution with the 
medical fluid that enters the chamber. The formulation 
chamber can optionally be considered as a cartridge, 
since they can be used in the secondary path once or 
replaced many times. That is, the cartridge can be re 
moved after all the agent is delivered, or the cartridge 
can be replaced repeatedly each time after the device 
has delivered its agent. Thus, this mode of the invention 
can lead to intermediate or continuous therapy, in addi 
tion to the operations described in FIGS. 1 to 3. 

FIG. 12 depicts another formulation chamber 125 
that can be used in a parenteral delivery system as seen 
in FIGS. 1 to 3. FIG. 12 illustrates formulation chamber 
125 that is light weight, disposable and indicated for use 
for patients requiring parenteral administration of a 
drug or an agent solution. In FIG. 12, chamber 125 
comprises a body 126 of tube shape, and it has a pair of 
caps 127 and 128 that fit into body 126 for forming a 
closed chamber 125 for containing a fluid that enters 
chamber 125. Caps 127 and 128 are preferably made of 
self-sealing rubber through which a needle or a hollow 
spike can be inserted, or of rubber with a pre-drilled 
hole, not shown, covered by a latex disc through which 
communication can be made with the inside of chamber 
125. Chamber 125 comprises wall 130 with a section 
removed for depicting internal lumen 131. Chamber 125 
contains drug 129 that is soluble in parenterally accept 
able fluids that enter chamber 125, and in a presently 
preferred embodiment chamber 125 houses a film 132 
formed of a material operable for controlling the release 
of drug 129 in solution from chamber 125. Film 132, in 
a preferred embodiment, is formed of a release rate 
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14 
controlling microporous polymer such as polycarbon 
ate, cellulose acetate, or ethylene-vinyl acetate copoly 
mer and the like. The polymeric film according to the 
practice of the invention is used for governing the rate 
of drug solution release from chamber 125. Chamber 
125 is illustrated with a film at its exit, and optionally it 
can have a film at its inlet. In an embodiment of the 
invention, the film can be placed vertically in the for 
mulation chamber to the side of the inlet port confining 
the drug therein, with fluid passing through the film, 
forming a drug solution, and then returning to the fluid 
passing through the formulation chamber for eventual 
administration. 
FIG. 13 illustrates a formulation chamber 133 that 

can be used in the therapeutic systems described in 
FIGS. 1 to 3. Chamber 133 comprises a wall 134 that 
surrounds and defines an internal lumen 135. A section 
of wall 134 is removed for illustrating the structure of 
chamber 133. Chamber 133 comprises a pair of closures 
136 and 137 that fit over wall 134 for forming a closed 
chamber 133. The closures 136 and 137 each have a 
hollow member 138 and 139 that are preferably round 
for receiving a tube that can slide into, or slide over 
receiving members 138 and 139, thereby permitting. 
chamber 133 to establish fluid communication with the 
parenteral therapeutic system. FIG. 13 further illus 
trates agent 140 in particle form, a release rate control 
ling polymeric film 141 and a filter 142. Filter 142 is a 
conventional filter with a pore size of 0.1 micron to 5 
micron, and more preferably 0.22 micron or 0.45 mi 
cron, for removing bacteria and unwanted matter from 
a flowing solution. 
The parenteral delivery system comprising the pri 

mary path and the secondary path with the agent for 
mulation chamber in the secondary path can be used for 
the administration of many beneficial agents especially, 
where it is desirable to administer by infusion, and more 
particularly via the intravenous, intra-arterial, intraperi 
tioneal or subcutaneous routes. For example, the deliv 
ery system can be used in one presently preferred em 
bodiment, in intravenous fluid replacement, such as 
administering plasma or saline and simultaneously or 
intermittently administering a therapeutically effective 
amount of drug therewith; in another embodiment as a 
method in intravenous electrolyte-balance replacement, 
such as supplying sodium, potassium or chloride ions 
with drug administered therewith to a patient in need of 
electrolyte restoration and an intravenous drug; and in a 
method of intravenous nutrition, such as supplying dex 
trose and concomitantly administering or periodically 
administering a parenterally administrable drug to a 
patient in need of such therapies. 
The novel and useful invention provides a system and 

method for obtaining the precise control of agent ad 
ministration to a recipient. While there has been de 
scribed and pointed out features of the invention as 
applied to presently preferred embodiments, those 
skilled in the art will appreciate that various modifica 
tions, changes, additions and omissions in the invention 
illustrated and described can be made without departing 
from the spirit of the invention. 
We claim: 
1. A parenteral delivery set for administering a bene 

ficial agent formulation to a warm-blooded animal, the 
delivery set comprising: 

(a) a primary tube for the flow of a parenterally ac 
ceptable fluid therethrough; 



4,583,981 
15 

(b) a secondary tube for the flow of a parenterally 
acceptable fluid therethrough; 

(c) a formulation chamber in communication with the 
secondary tube, the formulation chamber compris 
ing: 
(1) a wall that surrounds an internal space; 
(2) an inlet for letting fluid enter the formulation 
chamber; 

(3) a beneficial agent delivery device in the formu 
lation chamber, the delivery device comprising a 
matrix formed of a microporous material, and a 
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(4) an outlet for letting an agent formulation exit 

the formulation chamber; and, 
(d) a common tube in communication with the pri 
mary tube for receiving fluid from the primary 
tube, and in communication with the secondary 
tube for receiving agent formulation from the sec 
ondary tube. 

2. The parenteral delivery set for administering the 
beneficial agent formulation according to claim 1, 
wherein a drip chamber is in communication with the 
formulation chamber. 

3. The parenteral delivery set for administering the 
beneficial agent formulation according to claim 1, 
wherein a drip chamber is in communication with the 

beneficial agent distributed in the microporous 15 secondary tube. 
material; 
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